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EVALUATION OF POTATO VARIETIES 
Rosert V. AKELEY’ 


In view of the present economic conditions, potato growers must 
produce and market their crop efficiently and cheaply in order to make a 
profit and to stay in business. Yields per acre, a big factor in determining 
profit, have been gradually increasing, but unfortunately reductions in farm 
prices more than offset the gains from higher yields. One economic factor 
that deserves careful attention is selection of a variety adapted to the 
individual producing area. The ideal variety should have high-yielding 
capacity, test high in total solids, be acceptable for table use and processing, 
and be resistant to disease and insects. The choice of a potato variety 
possessing one or more of these characteristics will help insure efficient 
production. 

The present discussion concerns the evaluation of several old commer- 
cial varieties and new varieties released since 1932 on the basis of their 
relative importance as indicated by the amounts of seed certified in 1956 and 
their outstanding characters that improve the efficiency of production. 

Ina similar report by Stevenson (1) in 1948, 51 varieties were included 
in a certified seed-potato list. Twenty of these were old varieties introduced 
for commercial production between 1850 and 1900. The others were new 
varieties released since 1932. A summary of certified seed-potato production 
published in 1956 by the Agricultural Marketing Service, United States 
Department of Agriculture (table 1 and 2) lists 52 varieties. This is an 
overall increase of only 1 variety in the last 8 years of seed certification. The 
1956 report lists only 13 old varieties, a decrease of 7, and 39 new ones, an 
increase of 8 since 1948. Today the new varieties appearing in reports of 
certified seed production are increasing at approximately the same rate that 
the old ones are decreasing, making the total about the same. 

The following 23 old varieties, once popular, are no longer on the 
certified seed lists hecause they have no economic importance : 


Beauty of Hebron Mahr’s Russet 
Blue Christie McCormick 
Blue Victor Pearl 

Brown Beauty People’s 
Brownell Perfect Peach Blow 
Charles Downing President 
Columbia Russet Prolific 
Cowhorn Quick Lunch 
Delaware Spaulding Rose 
Early Blue Strawberry 
Early Michigan Up-to-Date 


Garnet Chili 
Most of the new releases listed above were tested by growers and found 
unsuitable in one way or another for their requirements ; consequently they 
disappeared from seed certification lists. The final test of a new variety is 
actually made by growers, shippers, and users. If a variety seriously fails 


‘Accepted for publication November 22, 1957. 
Horticulturist, Crops Research Division, Agricultural Research Service, United States 
Department of Agriculture, Beltsville, Md. 
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to meet their particular requirements, it soon goes out of production or 1s 
no longer certified. 


Of the following 41 new varieties none has attained economic importance : 


Ashworth Manota 
Calrose Marygold 
Canus Menominee 
Cayuga Mesaba 
Chenango Mohawk 
Chisago Norkota 
Courtland Onaway” 
Delus? Osseo 
DeSota Pawnee 
Earlaine Placid 
Earlaine No. 2 Potomac 
Empire Saranac 
Erie Rukat? 
Fillmore Satapa 
Golden Seneca 
Harford Snowdrift 
Huron? Tawa? 
Knik* Variety 43? 
Kasota Virgil 
LaSalle Yampa 
Madison 


The 13 old varieties in table 1 represent 37 per cent of the certified seed 
produced in 1956; the 39 new varieties in table 2 make up the remaining 63 
per cent. This represents an increase of 19 per cent for new varieties over 
the last 8 years. The 10 highest ranking varieties, 4 old and 6 new, make up 
93 per cent of the total as follows: Katahdin 38 per cent; Russet Burbank, 
21; Red Pontaic, 12; Irish Cobbler, 6; White Rose, 5; Kennebec, 5; 
Chippewa, 2; Cherokee, 2; Sebago, 1 ; and Triumph, 1. 

Since 1954, Russet Burbank production has more than doubled, now 
surpassing Irish Cobbler by 14 per cent. In 1956 seventeen States certified 
Russet Burbank and 11 of them showed increases over their 1955 produc- 
tion. The greatest increase, 91 per cent, occurred in Maine. Competitive 
marketing between states and increased demand and use by processors are 
responsible for much of this recent increase in production of Russet Bur- 
bank. It is very susceptible to most potato diseases especially leaf roll, net 
necrosis and verticillium wilt. 

Irish Cobbler, one of the leading old varieties, is less widely grown each 
year and is gradually being replaced by Sebago, Katahdin, Chippewa, and 
Pungo. Sebago, although late in maturity, is one of the leading contenders 
in the southeastern potato-growing states because of its superior marketing 
qualities and resistance to brown rot. Irish Cobbler is very susceptible to 
brown rot and net necrosis, but it makes excellent chips. 

White Rose is grown mostly in California for seed and table stock. 
This variety is well adapted to California, where it produces high yieids of 


2Varieties released too recently for commercial increase and testing. 
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Taste 1—Old potato varieties! on the certified seed-potato lists for 1955 


and 1956. 
Produc- | 
State with | tion in 
United States Production | Highest Pro- | Highest 
Variety | | duction | Produc- | States 
1955 | 1956 19562 | 1956 jing State | Certify- 
| 1956 ing 
1,000 1,000 | 1,000 
Bus. | Bus. Per cent | State | Bus. Number 
Russet Burbank ... 7,972.0 | 10,586.9 | 20.53 | Maine | 3,504.0 | 17 
Irish Cobbler 3,721.1 | 3,202.1 | 6.21 Minnesota | 1,643.7 | 12 
White Rose . 2,798.7 2,761.3 | 5.35 California 1,903.0 | 10 
Triumph .... 879.0 | 690.5 | 1.34 | Minnesota 239.0 | 10 
Red McClure | 7028 | 551.3 1.07 | Colorado 543.4 3 
Russet Rural . 371.5 | 406.5 0.79 | Maine 134.5 6 
Green Mountain 439.0 363.4 | 0.70 | Maine | 306.9 6 
Early Ohio 1498 | 1346); 0.26 Minnesota 65.2 | 3 
Burbank . 18.8 | 46.3; 0.09 | Oregon 46.3 1 
Rural New 
Yorker 21.0} 429! 0.08 | New York 18.7 3 
Early Rose 3.3 | 2.5 a. Washington 2.4 2 
Triumph (Red) 18.5 0.4 2 North Dakota 2.5 2 
Dakota Red 0 0.3 2 New Jersey 27 1 
Other . 49.0 38.6 “ 
Total for old 
varieties .17,144.5 18,824.5 36.50 
Total for all 


varieties 41,635.1 51,574.3 


1The data in table 1 were compiled from summaries of the Agricultural Marketing Ser- 
vice, United States Department of Agriculture, Washington, D. C. 

2Percentages for varieties with less than 5,000 bushels of the seed produced were not 
calculated. 


long white tubers with shallow eyes and high marketability. When grown 
in Maine and other Eastern States, its tubers are shorter, eyes are deeper, 
and its marketing quality is inferior to many varieties adapted to the East. 
White Rose is susceptible to most potato diseases. 

Triumph, over a period of years, has been replaced in the Southern 
States by Katahdin and Sebago. Where red-colored varieties are preferred, 
the Red Pontiac and Red LaSoda are gradua!'y replacing Triumph. Better 
adapted and higher yielding red varieties than Triumph are available. 

Red McClure is grown mostly in the San Luis Valley of Colorado. It 
is a high-quality variety when grown in this area, but a better red variety 
with disease resistance is needed. 

Russet Rural production continues at a modest level in Maine, Wiscon- 
sin, New York, and Michigan. This is due, in part, to the demand from 
potato chippers in the East, who find Russet Rural very acceptable for 
making chips. Sebago, Russet Sebago, and Katahdin have made gains in 
areas where Russet Rural is grown. Many growers in Pennsylvania are 
replacing Russet Rural with Russet Sebago. The Rural New Yorker 
(Smooth Rural) is similar to the Russet Rural in late-producing areas. 


as 
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TABLE 2—New potato varieties! on the certified seed-potato list for 1955 


Variety 


Katahdin 
Red Pontiac 
Kennebec 
Chippewa 
Cherokee 
Sebago 
Early Gem 
Red LaSoda 
Progress 
Teton 
Ontario 
Red Warba 
Russet Sebago 
LaSoda 
Keswick 
Dazoc 
Sequoia 
Redkote 
Pungo 
Waseca 
Pontiac 
Saco 
Redburt 
Antigo 
Boone 
Sheridan 
Warba 
Rushmore 
Red Beauty 
White Cloud 
Redglo 
Merrimack 
Plymouth 
Redbake 
Canoga 
Osage 
Essex 
Canso 


Houma 
Cayuga 
DeSota 
Yampa 


Total for new 
varieties 

Total for all! 
varieties 


1955 


1,000 
Bus. 


13,874.5 


wo: 


om 


indin®e> BN 


24,490.6 
41,6351 


1See footnote 1, table 1. 
2See footnote 2, table 1. 


77.1 


Dw 


S 


32,749.8 


51,574.3 


United States Production 


1956 


Per cent 


f 3 50 


and 1956. 


| Produc- | 
tion in 
State with | Highest 
Highest Pro- | Produc-| States 
duction ling State| Certify- 
1956 | 1956 ing 
| 1,000 | 
State | Bus. Number 
| 
Maine | 18,259.4 | 12 
North Dakota | 3,085.0 | 13 
Maine | 15201} 19 
Maine 840.5 | 6 
Maine 837.5 | 9 
New York 250.0 | 7 
North Dakota 229.0 | 9 
Nebraska 144.1 | 5 
Nebraska 128.6 | 1 
Maine 122.0 | 1 
New York | 476| 4 
Minnesota 73.3 | 4 
Wisconsin 100.0 | 2 
South Dakota | 46.3 5 
Maine 77.1 | 1 
Nebraska 37.8 | 2 
Maine | 27.8 4 
Minnesota 34.4 | 6 
Maine 36.9 1 
Minnesota 35.3 1 
Idaho 13.4 | 5 
Maine 25.1 | 1 
Minnesota 21.7 1 
Wisconsin 15.0 1 
North Carolina! 14.6 1 
Nebraska 8.6 3 
Maine 9.3 | 1 
South Dakota | 3.9 2 
Wisconsin 6.3 | 1 
Nebraska 
Nebraska 4.1 | 1 
New York 2.0 | 3 
Wisconsin 2.4 | 3 
Nebraska 3.0 | 1 
New York | 3.0 | 1 
Minnesota 1.6 1 
| New York 1.0 | 2 
| Nebraska 8 | 1 
New 
6 | 


Hampshire 


= 
| 
| | 
| | | 
| 
| Bus. | 
| | | 37.53 
| 4289.3 6,075.6 | 11.78 
| 1,759.9} 2353.5 | 4.56 . 
1'079.3 | 11954 | 2.32 
1,006.5} 1,149.1} 222 
748.4 779.1) 1 
266.9 | 388.4 | | 
107.6 | 279.2 | 
1028 | 1287 | 
67.9 | 122.0 | 
1470] 1182] 23 
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Green Mountain is susceptible to most potato diseases and is gradually 
being replaced by other varieties such as Katahdin and Kennebec that have 
resistance to mild mosaic and net necrosis. Its high-yielding ability and 
culinary qualities in the absence of disease are evidently not enough to 
maintain its long standing as a leader in production, particularly in New 
York and Maine. Also, after storage Green Mountain is unsatisfactory for 
processing, a serious limitation in a potato variety today. 

Early Ohio, Burbank, Early Rose, Red Triumph (sport of Triumph) 
and Dakota Red (Jersey Redskin) represent only 183 thousand bushels, or 
0.35 per cent of the total certified seed grown in 1956. These varieties are 
limited in adaptation and production. Competition from other old and new 
varieties makes it doubtful whether certified seed production of these vari- 
eties will be increased extensively in the future. 

Many of the old varieties had excellent quality and yielding ability 
before diseases and insects overtook them. It will be many years before 
Russet Burbank, Irish Cobbler and White Rose will be entirely replaced by 
new varieties. It is inevitable, however, that new varieties will continue to 
be released by potato breeders. Some of the better ones possessing good 
market and cooking qualities, combined with disease and insect resistance, 
will eventually take over. Controlling potato diseases and insects is expen- 
sive and endless. Improved varieties with disease and insect resistance offer 
an efficient and economical solution to these problems. 

Katahdin still tops the seed list ; it gradually reached first place in popu- 
larity about 10 years ago. In 1956 it accounted for 38 per cent of the certified 
seed produced. It also showed an increase of 5.4 million bushels over its 
1955 crop. In the Maritime Provinces of Canada it is second only to Sebago 
with 2.3 million bushels, or 23 per cent of certified seed production. Wide 
adaptation and excellent marketing qualities, combined with resistance to 
mild mosaic and net necrosis, insure continued success for this variety for 
many years. 

Red Pontiac originated as a sport of Pontiac. Its deeper red skin color 
makes it more attractive to the trade than Pontiac. Red Pontiac has replaced 
Triumph and Pontiac as the most important red variety in this country. It 
is also grown very successfully in Canada and in South America. Wherever 
a high-yielding variety with red skin is demanded, the Red Pontiac might 
be grown. It has wide adaptation and can be grown in northern as well as 
southern areas. In 1956, thirteen states produced 6 million bushels of 
certified seed of Red Pontiac, one-half of which was growr: in North Dakota. 

Kennebec has been on the seed certification list only 8 years, but now it 
holds sixth place among all the varieties grown in the United States. It has 
had its “ups and downs” over this short period. It seems to be established 
primarily as a variety grown for making chips but when grown and handled 
properly, it is also very good for beiling or baking. Kennebec is noted for 
its high-yielding ability and wide adaptation ; it is grown profitably in the 
United States and many foreign countries. It possesses immunity from 
mild mosaic in the field, immunity from the common races of late blight 
fungus, high resistance to net necrosis, slight resistance to potato scab, and 
a medium degree of field resistance to late blight. 

Chippewa continues to be grown in areas where a medium-maturing 

variety with high yielding ability and market qualities is desirable. An 
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increase of 176 thousand bushels of certified seed in 1956 over the 1955 
production indicates that the variety has a place, as is shown in table 2. It 
ranks seventh in importance among the varieties certified in 1956. Chippewa 
is immune from field infection with mild mosaic and is resistant to tuber 
necrosis, due to current-season leaf roll infection. However, it is very 
susceptible to leaf roll in the vines. 

Cherokee, a medium-maturing variety high in total solids, is resistant 
to scab, mild mosaic, and net necrosis and immune from the common races 
of the late blight fungus. It is now widely grown in this country, especially 
in the northeast and central states. The white skin and white flesh of the 
tubers give them a very superior marketing value. Cherokee tubers, how- 
ever, become very rough and unattractive if allowed to grow too large. 
Growers with a potato scab problem have found this variety very valuable 
because of its scab resistance. This variety is also very good for making 
chips. 

The popular Sebago continues to show increases in certified seed pro- 
duction. The largest amount of certified seed was grown in 1956 in the 
Maritime Provinces of Canada. There it leads all other varieties with a 
production of 4.6 million bushels. Most of the Canadian seed is sold to 
growers in states along the Atlantic Seaboard. In Florida, Sebago predom- 
inates over all other varieties except Red Pontiac. The factors which com- 
bine to make this variety so widely accepted are as follows: good yields of 
smooth, white tubers; high marketing and cooking qualities; satisfactory 
shipping and processing qualities ; foliage and tuber resistance to the late 
blight fungus; immunity from mild mosaic; and some resistance to scab, 
net necrosis, brown rot, and yellow dwarf. Russet Sebago, a sport of Sebago, 
has been reported more resistant to scab than the original Sebago, but it 
is the same in other respects. Because of the demand for a russet type which 
is generally less susceptible to bruising, the Russet Sebago is increasing in 
areas, of Alabama, Wisconsin and Pennsylvania. 

Early Gem is a recent joint introduction of the United States Depart- 
ment of Agriculture and the Agricultural Experiment Stations of Idaho and 
North Dakota. It is a selection from a cross between Russet Burbank and 
X 96-56. The long russet tubers are somewhat similar to those of Russet 
Burbank ; early maturity, similar to that of Irish Cobbler; high resistance 
to scab; and it is susceptible to nearly all the common potato diseases. The 
tendency of the tubers to develop growth cracks following heavy rainfall or 
irrigation toward the end of the growing season is a marked disadvantage. 
Early Gem will not compete with Russet Burbank as a late-crop variety but 
it has a definite place as an early-maturing russet type when the Russet 
Burbank is too immature for proper marketing. Sections of Idaho, North 
Dakota, and Wisconsin produce most of the early crop of Early Gem. When 
grown in the East, especially in Maine, Early Gem does not have the long 
tubers with uniform russeting characteristic as the West and its yields are 
unsatisfactory. 

LaSoda, Red LaSoda, and Rushmore are introductions from Louisiana. 
LaSoda is an early- to medium-maturing variety selected from a cross 
between Triumph and Katahdin. The deeper red mutant Red LaSoda was 
found in LaSoda. Red LeSoda has replaced LaSoda to some extent where 
an early red variety is desired. Since the tubers with deeper-red skin seem 
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more desirable than light red ones, it is possible that the new early red 
varieties will go far in replacing the standard Triumph variety. The volume 
of certified seed of Red LaSoda increased from approximately 108 thousand 
bushels in 1955 to 279 thousand bushels in 1956 whereas that of the original 
LaSoda decreased from 395 to 101 thousand bushels. Rushmore is an early- 
to medium-maturing variety selected from a cross between Katahdin and 
Green Mountain. No disease resistance has been reported for it. The tubers 
are oblong and russeted and have a brighter appearance than those of Russet 
Burbank. Rushmore is similar to Green Mountain for cooking and baking. 
Although its yielding ability is only average, it may prove acceptable to the 
trade because of its very attractive tubers. 

Progress, Dazoc, Sheridan, White Cloud, Redglo, and Redbake are recent 
introductions from Nebraska that are now on the certified-seed list (Table 
2). Progress, a red variety, is very attractive in appearance on the market, 
but its culinary qualities are rated as medium. The tuber set per plant is 
high and too many undersized tubers will be produced unless conditions are 
conducive to high yields. Dazoc, Sheridan, Redglo, and Redbake are other 
red selections that show promise in the early-crop area of the north-central 
States. Dazoc is apparently one of the most promising of the 4 varieties, 
with dark-red tubers of good culinary and marketing qualities. Redbake is 
noted for producing a good type of red tubers, high in percentage of total 
solids. White Cloud is an early-maturing variety with an excellent type of 
tubers, relatively high in percentage of total solids. However, because of its 
low yielding ability and susceptibility to scab, its production is very limited. 

Teton and Merrimack are the only two certified varieties that are re- 
sistant to ring rot. Teton is grown mostly in Maine, where it is medium- 
late in maturity, with yields similar to those of Green Mountain. It is also 
resistant to mild mosaic and net necrosis. When it is grown in Maine, its 
culinary and marketing qualities are as good as those of Katahdin. Reports 
have indicated that it is valuable in producing ring-vot-free tubers in areas 
where ring rot has become the limiting factor in potato production. Merri- 
mack is very late in maturity, similar to Sebago. If growth continues long 
enough, it produces a good crop of tubers relatively high in percentage of 
total solids. Indications are that it will be good for making chips. It has 
immunity from mild mosaic in the field, the common races of late blight, 
and net necrosis. It is also resistant to corky ring spot, a potato disease re- 
ported from Florida. Either Teton or Merrimack is worth testing in areas 
where ring rot has become unmanageable. 

Ontario was bred for scab resistance. It will produce high yields of 
smooth white tubers medium to low in percentage of total solids. It is 
recommended only for areas where scab is the limiting factor in potato 
production, since it is generally low in percentage of total solids. 

Red Warba originated as a sport of Warba. It is early-maturing and 
has red skin, but is similar to Warba in other respects. Both varieties give 
excellent yields of tubers high in percentage of total solids. They are grown 
mostly as an early crop. If the production of certified seed is the basis for 
judgment, Red Warba is apparently preferred to Warba. 

Sequoia is the only variety introduced primarily because of its resist- 
ance to hopperburn. It also has some resistance to flea beetle injury and to 
late blight in the vines, combined with extreme vigor, high-yielding ability 
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and good marketing and culinary qualities. It is grown mostly in the western 
sections of North Carolina and Maryland and in eastern Tennessee, where 
it is well-adapted in diversified farming systems. Sequoia is similar to 
Kennebec in its response to complete fertilizers. Both are very efficient and 
vigorous feeders and hence need less fertilizer than most varieties to produce 
a crop. 

Keswick and Canso, two late-blight-resistant varieties, originated at 
the Dominion Experimental Station, Fredericton, New Brunswick. The 
late-maturing Canso and medium-maturing Keswick are high in percentage 
of total solids and in cooking qualities. Keswick is similar to Green Moun- 
tain in many of its characteristics except for yield, and Canso is similar to 
Katahdin. Their moderate yielding ability and susceptibility to the special- 
ized races of late blight have retarded their acceptance. This statement also 
holds for many other new introductions, 

Pungo consistently outyielded Irish Cobbler and had better quality 
tubers when grown in the eastern sections of Virginia. It is immune from 
the common races of the late blight fungus and shows some resistance to 
net necrosis. Tubers of Pungo have a tendency to develop hollow heart 
when grown in Maine during some seasons, especially favorable for its 
development. To date, the demand for Pungo certified seed in Virginia has 
greatly exceeded the available supply, but the variety apparently has a 
rather restricted range of adaptability. 

Waseca is an early red variety that orginated in Minnesota. It produces 
high yields of U. S. No. 1 tubers and should compete with Irish Cobbler as 
an early market variety. Certified seed production now is limited to Min- 
nesota. Approximately 62 thousand bushels were grown in 1955 but only 35 
thousand in 1956. 

Antigo, introduced by Wisconsin, and Red Beauty, by Wisconsin and 
North Dakota, are too new for commercial assessment. Antigo is a medium- 
maturing, scab-resistant variety with average yielding ability. It is especially 
adapted to the muck soils of Wisconsin. It has uniform attractive white 
tubers similar to those of Katahdin in the percentage of total solids. Red 
Beauty is also a medium-maturing variety with bright red tubers and with 
average yielding ability. It is well adapted to the sandy soils in Wisconsin 
and is resistant to verticillium wilt and is tolerant to purple top wilt. 


Boone and Plymouth are new varieties released jointly by the United 
States Department of Agriculture and the Agricultural Experiment Station 
of North Carolina State College. Boone is a late-maturing, high-yielding 
variety. Its tubers are medium oblong, very smooth, and shallow-eyed. It is 
highly resistant to late blight and well adapted to production in the western 
part of North Carolina. Plymouth is a high-yielding, early-maturing variety 
when grown in eastern North Carolina. It has oblong, flattened, smooth 
tubers. High-quality chips made from Plymouth tubers are equal to, or 
better than, those made from Sebago. Plymouth is immune from the com- 
mon races of the late blight fungus and is moderately resistant to scab. 
Boone and Plymouth yield well in the northern seed-producing areas. The 
present demand for Plymouth seed greatly exceeds the amount available. 

Saco was introduced because of its high percentage of total solids, 
yielding ability, and disease resistance. It possesses immunity from latent 
mosaic, mild mosaic, virus S, and the common races of late blight in the 
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foliage and tubers and is highly resistant to net necrosis. Its main weak- 
nesses are tendencies to produce off-shape tubers and to develop hair sprouts 
under adverse growing conditions. Saco produced some excellent marketing 
crops in Maine in 1956 and is reported to be good for making chips. 

Canoga and Essex are relatively early-maturing selections introduced 
from New York State. Canoga shows resistance to leaf roll and Essex is 
resistant to late blight. Osage is an early-maturing selection from Iowa, 
with good cooking qualities and scab resistance. It is grown mostly in the 
Hollandale district of Minnesota. 

Redkote from North Dakota and Redburt from Minnesota are two 
recent red selections both of which show promise where an early-maturing 
red variety is needed. 

Houma, originally selected in Maine and released jointly by the United 
States Department of Agriculture and Louisiana Agricultural Experiment 
Station, has been found to be very susceptible to early and late blights. 
Since it has not compared favorably with other varieties in yield, it has 
gradually declined in popularity. Its resistance to mild mosaic, leaf roll, net 
necrosis, drought, and verticillium wilt, however, still makes it very valuable 
as a parent for breeding purposes. Its production is now mostly limited to 
New Hampshire and Vermont. 

The gradual replacement of old varieties with new ones continues. Over 
63 per cent of the 1956 certified seed production consisted of recent intro- 
ductions having characters for resistance to one or more diseases or insect 
injuries such as scab, late blight, ring rot, verticillium wilt, brown rot, 
mosaic, leaf roll, and hopperburn. New varieties high in market, culinary, 
and processing qualities that carry one or more of these disease-resistant 
characters have already been released. Katahdin, Red Pontiac, Kennebec, 
Chippewa, Cherokee, Sebago, Early Gem, Red LaSoda, Progress and Teton 
are some of the more important commercial sorts being grown today. 

This trend in favor of new varieties should continue over the years as 
superior new varieties are released by the potato breeders in the United 
States and Canada. The improvements already obtained in new varieties 
represent a very good beginning in potato breeding. The results indicate 
much greater possibilities in the future. A large number of important charac- 
ters already available have not yet been combined in one variety. New com- 
binations of characters should eventually result in potato varieties that will 
be more valuable to growers than any that are being grown at present. 


LITERATURE CITED 


1 Stevenson, F. J. 1949. Old and new varieties. Amer. Potato Jour. 26: 395-404. 
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FERTILIZER TRIALS WITH DIFFERENT SIZES OF SEED 
POTATOES AND DIFFERENT PLANTING DISTANCES! 


H. C. anp S. R. 


The potato is probably the most widely grown of all tuber crops in 
West Bengal (India), and the acreage of this crop has shown a steady 
increase during recent years. It now forms an important part of people’s 
diets. Potatoes are a good source of energy, and produce higher calorie- 
yields per acre than do cereals. Therefore, the production of potatoes has 
great importance in the economy of West Bengal, as there exists a serious 
pressure of population on land with a density of 850 persons per square 
mile. (Figure 1 indicates the potato growing areas of West Bengal.) 

A potato crop is very responsive to manurial treatments and sensitive 
to climatic conditions. Considerable work has been done in different coun- 
tries on potato fertilizers, size of seed tubers, and spacing. Data are 
available on the action of these three factors together, or separately. Infor- 
mation regarding the interactions of different fertilizer-level, seed sizes, 
spacings and inter-tuber distances are meager particularly, for Indian 
conditions. However, Kapoor (2) reported that 8-inch spacing gave the 
best yield at low and medium levels of manuring with 10-gram seed sets, 
whereas 4-inch spacing showed best results at a higher level of manuring 
with 5-gram seed sets. 

In view of the paucity of information on the interactions of fertilizers, 
seed sizes, spacings and inter-tuber distances for different regions of India, 


it was thought necessary to lay out a complex experiment in West Bengal, 
in order to collect comprehensive information regarding the above factors 
for that part of the country. 

The present experiment was designed by Dr. D. J. Finney, F.A.O. 
Statistician, when the senior author had a discussion with him on the above 
problem. This complex field trial has been conducted since the 1953-1954 
season, for a period of three cropping seasons. 


MATERIALS AND METHODS 


The experiment was conducted at the State Experimental Station at 
Burdawn, in the plains of West Bengal. The growing season for the main 
crop varieties of potatoes in the West Bengal plains is from November to 
March. Planting of seed potatoes was undertaken between November 15 
and November 25, and harvesting was done from March 5 to March 15. 
The variety used in the experiment was Darjeeling Red Round. 

The field trial involved 81 treatments with one replication. Therefore, 
there were only 81 plots, each 30 ft. x 10 ft. (1/145.2 of an acre). 

Three different major elements, NPK, which are required in sufficient 
quantities for successful production of a potato crop, were used in three 
different combinations. The different combinations of nitrogen, phosphate 
and potash were NaoPsoKso (Mi), Neo Pi2oKeo and 
(Ms). The ratio of NPK, 1:2:1 was used on the basis of results of earlier 
experiments. 
1Accepted for publication September 30, 1957. 
2Special Officer, Department of Agriculture, West Bengal, India, written while a 
Post-doctorate Fellow of the National Research Council of Canada. 
3Research Assistant, Potatoes, Department of Agriculture, West Bengal, India. 
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The tubers used in the experiment were of three different diameters 
viz., ¥ inch in diameter (T,), 1 inch in diameter (T2), and 1% inches 
in diameter (Ts). Sprouted, whole tubers of the above sizes were, in all 
cases, used. 

The three inter-row distances used in the experiments were 18 inches, 
24, and 30 inches, respectively. The inter-row distance of 18 inches was 
combined with the inter-tuber distances of 6-2/3 inches, 13% inches and 
20 inches. The inter-row distance of 24 inches was combined with inter- 
tuber distances of 5 inches, 10 inches and 15 inches, whereas the inter-row 
distance of 30 inches was combined with inter-tuber distances of 4 inches, 
8 inches and 12 inches. 

The spacings of 18 inches x 6-2/3 inches, 24 inches x 5 inches and 
30 inches x 4 inches were similar in the sense that identical numbers of 
plants, that is, 360 plants were obtained in each case in a plot of 30 feet 
x 10 feet. Similarly, the three spacings, 18 inches x 13% inches, 24 
inches x 10 inches and 30 inches x 8 inches were identical with 180 plants 
in each plot 30 feet x 10 feet, whereas 120 plants were involved in each 
plot in the spacings 18 inches x 20 inches, 24 inches x 15 inches and 30 
inches x 12 inches. So, although there were nine different types of spacings, 
basically they were of three different kinds in regard to the total number 
of plants per plot. 

The fertilizers were applied in two applications, one at the time of 
planting and the second was applied about a month later when the plants 
were 8 inches high. Eight irrigations were given during the growing 
season, with 1% acre-inches of water at each irrigation. 


Sort STATUS AND MINERAL CONSTITUENTS 


The soil was alluvial, attributed to Damodor flat lands with 2.23 per 
cent coarse sand, 52.79 per cent fine sand, 23.95 per cent silt and 19.35 
per cent clay in the surface layer (0-12 inches). The soil was only slightly 
acidic, the pH value being 6.74. 

The exchangeable calcium soluble in 0.5N acetic acid is approximately 
4.8 m.e., per cent, and bases soluble in that acetic acid extract were 6.4 
m.e. per cent. The soil had an average status of phosphate and potash that 
were found in the locality, the percentages being 0.0496 and 0.2004, respec- 
tively. The nitrogen content was 0.0651 per cent, and organic carbon 
content was 0.36 per cent. 


Ciimatic Conpitions DurtnGc Potato SEASON 


The potato is a cool climate plant which grows best in regions where 
the temperature is relatively moderate, the ideal temperature being 70° F., 
and where ample soil moisture is available during the growing season. In 
table 1 the average temperature, rainfall, number of rainy days during a 
month and mean relative humidity are shown, to give an idea of the climatic 
conditions that prevailed during the growing season of the crop. It may 
be seen from table 1 that the climatic conditions during December and 
January, which are usually considered to be the critical months for the 
growth and development of the crop, were fairly stable to vitiate any 
experimental data. 
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TABLE 1.—Showing average rainfall, number of rainy days, temperature 
and mean relative humidity during the potato growing season. 


Average of 1953-1954 to 1955-1956 Seasons 


Average | Number of | _ Temperature in. | Mean Relative 
Month Rainfall in | Rainy Days in Fahrenheit _ | Humidity 
Inches | the Month Maximum Minimum | in Percentage _ 


_ 


90.00° 55.66° 
84.66 48.80° 
86.66° 44.00° 
93.00 49.00° 
104.66° 60.00° 


November 
December 
January 
February 


March 


EXPERIMENTAL DATA 


Tables 2, 3 and 4 show the details of resuits with analysis of variance 
for 1953-1954 to 1955-1956. 

After harvest the potato tubers were graded, and the percentages of 
different sizes of tubers obtained from the treatments are shown in table 5. 

It is evident from table 5, that a higher percentage of ware potatoes 
were produced when large seed tubers were used in medium spacing, and 
the fertilizer did not seem to have much effect since similar sizes of tubers 
were produced with treatments of M,T3, MoT; and MsgTs3. 


TABLE 2.—Showing the results of 1953-1954 and analysis of variance. 


> | Mean Square! p_,: 
D.F. Mds. Acre | Ratio 


Per cent | 1 Per cent 


= _| Value of F. | Value of F. 


M (=manures ) 1051.15 1.47 | 3.206 
T (=tuber size) 10681.70 14.45**| 3.206 
R (=inter-row distance) 551.38 3.206 
P (=inter-tuber distance | 1312.62 1.84 2.156 
Interaction, MxT 380.33 
Interaction, | 377.53 
Interaction, TxR 118.56 
Error | 46 | 714.59 
Total | 80 


**Significant at 1 per cent level of significance. 


. of marginal mean of M, T or R, 5.14 mds. per acre. 

. of marginal mean of M, T or R at 5 per cent level, 14.65 mds. per acre. 
. of marginal mean of M, T or R at 1 per cent level, 19.56 mds. per acre. 
. of average P mean, 8.91 mds.* per acre. 


*1 md. = 82.29 Ibs. 


Discussion 


In table 6 the consolidated results of analysis of three years, 1953-1954 
to 1955-1956 are shown. 

It is apparent from this study that the effects caused by different 
fertilizer combinations, tuber sizes, different inter-row and inter-tuber 


1.53 1. 70.39 
0.22 0. 71.65 
0.24 61.45 
0.64 54.00 
| 
| 
5.12 
5.12 
5.12 
2.939 
S.E 
CI 
Cl 
S.E 
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TABLE 3.—Showing the results of 1954-1955 and analysis of variance. 


Mean Square 
_Mds. Acre _ 


1212.95 


Source of Variation 
Blocks 

M (=manures) 

T (tuber size) . 

R (=inter-row distance ) 

P (=inter-tuber distance 

Interaction, MxT 

Interaction, MxR .... 

Interaction, TxR .. 

Error 

Total ... 


Der os 
| Ratio | 5 Per cent | 1 Per cent 


| Value of F.| Value of F. 


© 


SIW 


win 


| 
| 


SE 


*Significant at 5 per cent level. 


.E. of marginal mean of M, T and R, 4.26 mds. per acre. 

.D. of marginal mean of M, T and R at 5 per cent level, 12.15 mds. per acre. 
.D. of marginal mean of M, T and R at 1 per cent level, 16.23 mds. per acre. 
.E. of average P, 7.39 mds. per acre. 

.D. of average P at 5 per cent level, 21.05 mds. per acre. 

C.D. of average P at 1 per cent level, 28.11 mds. per acre. 


C 


TABLE 4.—Showing the results of 1955-1956 and analysis of variance. 


DF Mean Square | . 5 Per cent | 1 Per cent 


Source of Variation : Mds. Acre | Value of F.| Value of F. 


Blocks 
M (=manures) 
T (=tuber size) 
R (=inter-row distance) 
P (=inter-tuber distance 
Interaction, MxT 
Interaction, MxR 
Interaction, TxR 
Error 
Total 


930.57 
351.31 
101.68 

19.90 
313.49 
933.94 


tntne 


*Significant at 5 per cent level. 

**Significant at 1 per cent level. 
S.E. of the marginal mean of M, T or R, 1.90 mds. per acre. 
C.D. of the marginal mean of M, T at 5 per cent level, 5.41 mds. per acre. 
C.D. of the marginal mean of M, T at 1 per cent level, 7.22 mds. per acre. 
S.E. of average P, 3.30 mds. per acre. 
C.D. of average P at 5 per cent level, 9.40 mds. per acre. 
C.D. of average P at 1 per cent level, 12.55 mds. per acre. 


distances are highly significant at the 1 per cent level. The highest yield 
of 165.58 mds. (13,625.57 lbs.) per acre was obtained by using a com- 
bination of fertilizers NgoPieoKso( M3) and this gave significant increase 
in yield over both the combinations, NsoPsoKso (Mi) and NeoPizoKeo 
(Me) at 1 per cent level. NeoPi2oKeo (M2) gave significant increase in 
yield over N4oPsoK4o (M:) at 1 per cent level. Edwards et al. (1) reported 
that there were substantial responses to nitrogen, and especially to potash, 


2223.43 | 4.53* 3.206 
2391.71 4.87* 3.206 
553.87 113 | 3.206 
| 1317.12 2.68 | 2.156 
785.29 1.60 | 2.584 b ‘ 
80.26 ye 
65.54 
> 
5.12 
5.12 
5.12 
2.939 
3.776 
84 3.776 
&4 3.776 
46 98.21 = 
80 266.97 
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TaBLe 5—Showing the percentages of different sizes of tubers obtained 
in various treatments. 


Percentage of Different Sizes of Tubers 
Spacing in Combination with 
Manures and Tuber Size ¥% Inch Above 34 Inch! Above 1 Inch; Above 
_& Below to 1 Inch to 1% Inches Inches 


*Close spacing with M,T, 50.0 : 10.0 
MiTs 25.0 . 20.0 5.0 
T 50.0 35. 15.0 
35.0 50. 15.0 ; 
20.0 55. 20.0 5.0 
50.0 5. 15.0 
35.0 50. 15.0 
20.0 20.0 5.0 
35.0 50. 15.0 a 
15.0 . 30.0 10.0 
19.0 . 35.0 15.0 
35.0 50. 15.0 
15.0 5. 30.0 10.0 
10.0 . 35.0 15.0 
35.0 50. 15.0 a 
15.0 5. 30.0 10.0 
? ] 10.0 . 35.0 15.0 
Wide spacing with M,T,; 25.0 : 15.0 
10.0 60. 20.0 | 10.0 
5.0 t 20.0 15.0 
25.0 15.0 
10.0 1 20.0 10.0 
eT; 5.0 20.0 15.0 
MsT, 25.0 15.0 
10.0 . 20.0 10.0 
MsTs 5.0 60.0 20.0 15.0 


*Close spacing, 18 inches x 634 inches; 24 inches x 5 inches; 30 inches x 4 inches. 
Medium spacing, 18 inches x 13% inches ; 24 inches x 10 inches; 30 inches x 8 inches. 
Wide spacing, 18 inches x 20 inches; 24 inches x 15 inches; 30 inches x 12 inches. 


in all the Provinces, viz., West Midlands, Wales, Lancashire and York- 
shire. In Wales a good response to phosphate was also found. Terman and 
Hawkins (4) noted that a 2-3-3 ratio of fertilizer mixture such as 6-9-9 
or 8-12-12 applied in amounts that would supply 120 pounds of N and 
180 pounds each of P2O; and K2O was most satisfactory on most soils 
of Aroostook County, Maine. 

When using tubers of different sizes the highest yield of 168.26 mds. 
(=13,846.11 pounds) per acre was obtained from plots where seed size 
was of 1% inches in diameter (T3). This was a significant increase over 
1 inch (Tz) and % inch diameters (T,) of seed tubers. Roer (3), in his 
experiment, with different sizes of seed tubers and planting distances, 
found that the number of tubers per plant increased as seed size increased. 
The number of tubers per unit weight of seed tubers decreased with 
increasing seed size. The average tuber weight decreased with the increase 
in size of seed tubers, the total yield being significantly proportional to 
the weight of seed tubers. An increase in spacing raised the number of 
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tubers per hill and the size of tubers, but the increased yield per plant 
did not compensate for the reduced plant numbers per acre. 

lt may be noted from the above results, as shown in table 6, that a 
significant yield of 161.21 mds. (13,265.97 pounds) per acre was 
obtained when row to row distance was 18 inches (R,). This distance gave 
a significant increase only over 30 inches (Rs) at 1 per cent level. How- 
ever, 24 inches inter-row distances (Re) gave a significant increase in 
yield over the inter-row distance of 18 inches (R,) at 1 per cent level. 

When the inter-tuber distance is considered it was seen that the 
highest yield was obtained with the inter-tuber distance of 5 inches in 
combination with an inter-row distance of 24 inches, i.c., 24 inches x 5 
inches. This combination gave a significant increase over all other spacings 
except the spacing of 30 inches x 4 inches, and the significance was at 1 per 
cent level. Kapoor (2) reported that the greatest response in yield and 
size of potatoes was to manure. He also noted that low and medium levels 
of manuring, 8 inch spacing, gave the best yield, and in high levels of 
manuring with a closer spacing of 4 inches showed the best results. 

Che significance of relative increase in yield by using different inter- 
tuber distance is denoted by the following bar notion, the level of signifi- 
cance being only 5 per cent. 


(5 inches) (4 inches) > (6-2/3 inches) (13-1/3 inches) > (10 inches) 
(20 inches) > (8 inches) >(15 inches) (12 inches). 


The interactions between manures and tuber sizes, between manures 
and inter-row distances, between manures and years, between tuber sizes 
and years, between inter-row distances and years, between inter-tuber 
distances and years, and the triple interactions between manures, inter-row 
distances and years, between manures, tuber sizes and years, and between 
tuber sizes, inter-row distances and years are all significant at 1 per cent 
level. 

It is evident from the data presented that the sizes of seed tubers 
used have a great effect on the yield of potatoes. Although close spacing 
of 24 inches x 5 inches gave the highest yield, it produced a very large 
percentage of tubers which were undersized and not to be considered as 
ware potatoes. The medium spacing, 30 inches x 8 inches, in combination 
with seed tubers of 11% inches in diameter, produced 50 per cent tubers 
above 1 inch in diameter, of which 15 per cent were above 1% inches in 
diameter. The fertilizers seem to have little or no effect on the size of 
tubers produced. 

SUMMARY 


1. Size of seed tubers has the most pronounced effect on the yield. The 
highest vield was obtained by using seed tubers of 1% inches in diameter, 
12 tubers to the pound, in combination with 80 pounds of Nz; 160 pounds 
of P,O;, and 80 pounds of K,O per acre. 

2. Although the spacing of 24 inches x 5 inches gave the highest yield, 
it produced a large percentage of undersized ware tubers. 

3. Medium spacing, 30 inches x 8 inches, in combination with 1/% 
inches in diameter of seed tubers, gave the larger percentage of ware 
tubers than any other combinations. 

4. Fertilizer seemed to have no effect on the size of tubers produced. 
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TABLE 6.—Showing consolidated analysis results of three years. 


(1953-1954 to 1955-1956) 


Source of Variation D.F Ratio of 
Blocks | 24 2019.48 | 38.11 

Year (Y) | 2 39699.15 749.18** 2.99 
Manures (M) Gee - 2999.22 56.59** 2.99 
Inter-row distance (R) .....| 2 610.40 11.51.**| 2.99 
Tuber size (T) ae 8065.63 152.21** 2 
Inter-tuber distance (P) ...| 8 | 1659.65 | 31.32** 1.94 
Interaction MxR Be 234.92 4.43**) 2.37 
Interaction MxT | 4 884.51 16.69** 2.37 
Interaction TxR | 4 79.06 1.49 2.37 
Interaction MxY 4 290.07 5.47** 2.37 
Interaction RxY 4 239.13 4.51** 2.37 
Interaction TxY 4 3071.78 57.78** 2.37 
Interaction PxY 16 639.17 12.06** 1.68 
Interaction MxRxY . 625.14 11.79** 1.94 
Interaction MxTxY oe 3003.60 56.68** 1.94 
Interaction TxRxY ae 1910.91 36.06** 1.94 
Interaction Error 8 52.99 
Total 242 1014.64 


**Significant at 1 per cent level. 
S.E. of average M, T or R, 65.33 pounds per acre. 
C.D. of average M, T or R at 5 per cent level, 181.03 pounds per acre. 
C.D. of average M, T or R at 1 per cent level, 237.82 pounds per acre. 
t average P, 114.05 pounds per acre. 
C.D. of average P at 5 per cent level, 315.99 pounds per acre. 
C.D. of average P at 1 per cent level, 415.56 pounds per acre. 
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CHLOROPHYLL FORMATION IN POTATO TUBERS AS 
INFLUENCED BY GAMMA IRRADIATION AND BY 
CHEMICALS.! 


SIGMUND SCHWIMMER AND WILLIAM J. WesTON? 


Recent investigations have demonstrated that a variety of biochemical 
and physiological changes occur in potatoes exposed to gamma ray doses 
(Co*® source) in the decakilorad dosage range (Gustafson et al., 4; Heilig- 
man, 6; Schwimmer et al, 10; and Schwimmer et al., 11). The magnitude 
and, in some instances, duration of the observed effects were found to be 
dependent upon the pre- and post-irradiation history of the tubers. Prelim- 
inary observations suggested that irradiation with 75,000 rads suppresses 
the subsequent development of chlorophyll in tubers exposed to visible light 
at some period after exposure to gamma irradiation. Larsen (8) has made a 
detailed study of the various factors influencing the greening of potatoes 
and has developed methods for chlorophyll determinations in them. Recently 
ATA® (Hall et al., 5 and Hein et al., 7) and OMT®*® (Gray and Hendlin, 
3) have been reported to inhibit chlorophyll formation in young leaves of 
several plants. 

The present investigation deals with the effects of gamma irradiation, 
and of the above-mentioned chemicals on the development of chlorophyll 
in potatoes subsequently exposed to visible light. In addition, the effects of 
two well-known potato-sprouting inhibitors (C1-IPC? and MH?) have 
been investigated. Reflectometry and spectrophotometry have been used to 
estimate the greening. 


MATERIALS AND METHODS 


Potatoes of the Russet Burbank variety were used in all the experiments 
to be presented here. Lot A was harvested in October, 1955. Tubers were 
selected for uniformity of shape and size and for freedom from rot, digger 
cuts, and bruises. They were then held at 21.1° C until irradiated. After 4, 
15, and 27 weeks, sub-lots were transported to the Co® source at Stanford 
Research Institute, Menlo Park, California, where they were irradiated with 
11,300 rads at a rate of 10,200 rads per hour. Lot B was harvested in 
October, 1956. After 3 weeks of storage at 4.4° C. the selected tubers were 
divided into sublots and these were treated with 5, 15, 50, and 250 kilorads 
of Co® gamma rays, respectively. In both lots control tubers were treated 
in a similar manner but not exposed to irradiation. 

Potatoes to be treated with ATA were harvested ¢ a. 1956, in the 
Moses Lake area, Washington, and kept in the dark at 21.1° C. for 2 months 
prior to treatment. The potatoes were then dipped for 30 minutes in an 
0.0084 M solution of the chemical, rapidly air dried, and exposed to visible 
light as described below. Potatoes used for OMT treatment were harvested 


I Accepted for publication November 22, 1957. 

2Western Utilization Research and Development Division, Agricultural Research Serv- 
ice, United States Department of Agriculture, Albany, Cal. 

3The following abbreviations are used: ATA for 3-amino- 1, 2, 4-triazole; OMT for 
DL-O-methyl threonine; MH for maleic hydrazide; C1-IPC for chloro-isopropyl 
phenyl carbamate. 
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in October, 1956, at Tulelake, California. After 3 months storage at 4.4° C. 
they were placed at 25° C. for one day prior to treatment. Because of the 
small amount of OMT available, a solution of the chemical (0.013 M) was 
applied to the surface of the tubers by means of a camels hair brush. The 
same lot of potatoes was used for treatment with C1-IPC by dipping them 
into a 0.105 per cent solution of this chemical in a 1 per cent solution of 
Tween-20.* For the experiments with maleic hydrazide, Tulelake potatoes 
were used from a crop whose leaves had been sprayed with a 0.3 per cent 
solution of MH prior to harvest. In all cases, untreated as well as treated, 
controls kept in darkness also were analyzed for chlorophyll. No significant 
differences were observed between these types of controls. 

Both irradiated and chemically treated tubers were subjected to the 
same illumination procedures. Eight tubers from each treatment, selected 
for uniformity of surface and apparent absence of greening, were illumin- 
ated with light from two 90-watt “cool white” type fluorescent lamps, the 
intensity at the surface of the tubers amounting to 600 ft.-candles. After 
illumination, the chlorophyll content was determined by a method similar to 
that of Larsen (8) as follows: Twelve discs of 1 cm. diameter and 1 cm. 
depth were cut from the upper surface of each potato. The discs from 4 
potatoes were then combined and blended with 150 ml. of absolute ethanol 
for 5 minutes in a Waring Blendor (70 volts) to yield a slurry which was 
allowed to remain in the dark at room temperature overnight. Duplicates 
were prepared. The slurries were then blended with Celite for 5 minutes at 
50 volts and filtered. The residues were then extracted with 30 ml. of 78 
per cent ethanol, filtered, and the filtrates were combined. The absorbencies 
at 642.5 mp and at 660 mp were determined with a Beckman spectro- 
photometer and results caluculated as yg chlorophyll according to the 
method of Larsen (8). Occasionallly it was necessary to re-filter the com- 
bined filtrates by gravity to remove cloudy contaminant. Duplicates, each 
representing 48 discs from 4 potatoes, yielded chlorophyll values which 
were reproducible to within 10 per cent of the average value. 

The superiority of this extraction procedure is illustrated in table 1 
where method E is seen to give the highest yield of chlorophyll, two extrac- 
tions yielding 95 per cent of the total chlorophyil extracted. The difference 
between methods A and E illustrates the importance of overnight incuba- 
tion. These results corroborate those of Larsen (8). 

Greening of tubers was also investigated by means of a reflectance 
method with a G.E. recording spectrophotometer. The outer skin of the 
tuber was carefully removed with sandpaper to expose the chlorophyll- 
containing layer, and the reflection spectrum of the surface was recorded 
automatically. Vitriolite was used as a standard. 


RESULTS 
Irradiation Effects. Figure 1 summarizes the effects of exposure to 
11,300 rads on the development of chlorophyll in tubers held for varying 
lengths of time between harvest and exposure to irradiation, and between 
irradiation and exposure to light. The small amount of chlorophyll present 
in the dark controls decreased with time of storage prior to irradiation and 


4Mention of specific products does not constitute endorsement by the Department of 
Agriculture over others not mentioned, 
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TasLe 1—Efficacy of chlorophyll extraction procedures" 


Method A B C D E 

Yield (Mg.) 2.4 5.1 6.8 6.9 8.0 

Per Cent of Yield Extracted = 

First Extract | 7720 +| #804 | 69.4 
Second ” 11.7 93 5.5 11.6 25.1 
Third 4 ; 10.0 5.2 4.2 16.6 3.8 
Fourth ” 10.4 29 5.2 48 1.1 
Fifth " 8.0 27 4.7 5.9 0.6 


1A—Peelings extracted with 78 per cent Ethanol ; extraction repeated 4 times. 
B—Tuber steamed, peel removed and extracted with 85 per cent acetone. 
C—Peeling extracted with 85 per cent acetone. 
D—Tuber frozen, peeling extracted with 85 per cent acetone. 
E—Peeling extracted with 80 per cent ethanol, slurry allowed to stand overnight, 
filtered and re-extracted four times. 


4 15 15 27 
30 0 48 
6 0 
£ 
5 7 Control 


5 5 35 5 625 5 15 25 
Chlorophyll, g/cm? 


Figure 1—Effect of gamma-irradiation (11,300 rads) on the development of chlorophyll 
in potato tubers. P-H is the period between harvest and irradiation. P-I is the interval 
between irradiation and exposure of the tubers to light. 


illumination. Irradiation did not decrease this amount. Tubers illuminated 
immediately after irradiation exhibited a strong decrease in chlorophyll for- 
mation, whereas a few weeks’ holding at 21.1° C. between irradiation and 
exposure to visible light reduced the difference between control and irradi- 
ated tubers to insignificance. 
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Table 2 summarizes results on the effect of increasing gamma ray ex- 
posure on the development of chlorophyll in 3 days of subsequent illumina- 
tion. Irradiation inhibits progressively development of chlorophyll in tubers 
illuminated immediately afterwards, but at dosages above 5,000 rads, this 
decrease is not linear (cf. “per cent survival” column), and not exponential 
(cf. “log per cent survival” column). Even after exposure to 250 kilorads, 
the tubers were still able to form chlorophyll. 

Delaying the illumination by 3 months decreased the ability of unirra- 
diated tubers to develop chlorophyll. On the other hand, irradiated samples 
(except those exposed to 250 kilorads) developed chlorophyll at about the 
same rate as they did before the delay period. The “per cent survival” 
values of the irradiated tubers exhibited an increase upon delay, with the 
possible exception of tubers treated with 250 kilorads. 


TaBL_e 2—Effect of gamma ray dosages and of post irradiation—Pre- 
illumination period on development of chlorophyll in potato tubers 


Chlorophyll Content! Per cent 
Dosage Increase _ Log 
(Kilorads ) ug/cm Survival 
No Titdeten: | Illuminated for 3 days 
‘ tion Immediately after 3 days 
Irradiation 
0. | 3.4 + 0.1 | 16.6 + 0.0 13.2 100 100 
5 46+00 | 96201 | 5.0 38 79 
15 41 2@3 | 8.3 + 0.2 4.2 33 75 
50 3.9 + 0.0 7.3 + 0.3 3.4 25 70 
250 3.9 + 03 6.5 + 0.5 2.6 20 65 
Illuminated for 3 days, 14 weeks after Irradiation : 
0 37+02 | 08+01 7.1 100 100 
5 33402 | 100 + 0.1 6.7 94 99 
15 3.8 + 0.4 78 + 0.2 4.0 56 87 
50 3.8 + 0.0 7.6 + 0.2 3.8 54 86 
250 49 + 02 5.6 + 0.7 0.8 11 52 


1Mean value + deviations of duplicates from mean. 


EFFects OF CHEMICALS 


The effects of treatment with MH, C1-IPC, OMT, and ATA on de- 
velopment of chlorophyll upon illumination are shown in table 3. It is evi- 
dent that under conditions of this experiment, only ATA had a distinct in- 
hibitory effect on development of chlorophyll. The ineffectiveness of OMT 
is corroborated by an independent investigation® of chlorophyll formation 
in Kennebec variety tubers, in which toothpicks soaked in the solution were 
inserted into the tubers. 


REFLECTANCE SPECTRA 


Figure 2 shows typical reflectance spectra of the tuber surface im- 


5Private communication from Dr. H. Findlen, Red River Valley Potato Research Cen- 
ter, U. S. Department of Agriculture, East Grand Forks, Minn. 
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Increase 


3 Days In 
6 Days 


25 


16.8 


+ 1. . . 
18.0 + 0. 30. : 25 


Control 
Cl1-IPC 


Control 


OMT 


Control 3. . =e 
ATA y 6.1 


1Mean value + deviations of duplicates from mean. 


mediately under the skin. The main effect of illumination is a large decrease 
in reflectance at 680 my, characteristic of chlorophyll in leaves, Larsen (8). 
However, only the spectrum (B) of non-irradiated sunlight-illuminated 
tubers resembles closely that of green leaves. Tubers irradiated with gamma 
rays had a spectrum (D) intermediate between those of illuminated tubers 
(E) and non-illuminated controls (A). To present the effects of illumina- 
tion -on a basis analogous to conventional absorption spectra, “reflection 
densities,” RD (RD=2 - log per cent reflectance) were calculated and the 
RD values of the controls were subtracted from those of the illuminated 
samples. The results, shown in figure 3, exhibit several interesting charac- 
teristics. The relative photo-induced reflection densities at wave lengths 
shorter than 680 mp were found to be much greater for the tuber illumi- 
nated with fluorescent light (C) than for the sunlight-illuminated tubers 
(B). Furthermore, the relative reflection density and the shape of the blue 
end of the spectrum of the irradiated tubers (D) is intermediate between 
that of the fluorescent-illuminated (E) and that of the sunlight-illuminated 
ones (B). 


DiscussION 


The data presented herein fully substantiate earlier evidence that gamma 
irradiation of tubers depresses greening upon subsequent exposure to visible 
light. There is not a proportionality between the survival of ability to form 
chlorophyll and exponential dosage levels as would be required by simple 
target theory. Furthermore, tubers treated with relatively low dosages could 
preserve residual capacity to form chlorophyll in irradiated tubers over a 
time during whic. the capacity of the controls has decreased. One possible 
explanation is to assume that light activates two mechanisms: one involved 
in the formation of an enzyme percursor (a) and one involved in the 
photoactivation of this precursor enzyme system (6). Mechanism a is con- 
sidered to be nuuch more sensitive to irradiation than mechanism b. Presum- 
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3—Effect of Chemicals on Chlorophyll Development 
Chlorophyll Content, ! | 
Exp. Treatment | 0 Days 
ays | 
I Control | 3.6 + 0.2 7 
MH | 5.5 + 0.3 
| | 35403 | 25.1 + 0.3 22 
|| 4.2 + 03 | 1 21.0 + 0.6 17 
III wee 3.0 + 03 | aa 25.7 + 0.7 23 
ae | 3.9 + 0.6 | mi 28.8 + 1.2 25 
IV | 20.5 + 23 17 
10 | 100+ 1.4 5 


SCHWIMMER AND WESTON: EFFECTS ON CHLOROPHYLL 539 


1958] 
Dosage Illumination 
rads Source Days Surface 
B .@) Sun 6 Top 
C 0 Fluor. 6 Bottom 
75-0 11,300 6 Top 
E 6 Top 


Percent Reflectance 


500 


400 


600 


700 


Wavelength mu 


Figure 2—Typical reflectance spectra of potato tuber surfaces exposed immediately 
below skin. “Surface” refers to orientation of surface with respect to exposure to 
illumination. 
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Figure 3—Photo-induced reflection density spectra of tubers. Percentage reflectance 
values of figure 2 converted to reflection densities RD = 2 — log per cent reflectance. 
Photo-induced reflection density = RD (illuminated) — RD (unilluminated). 

B, D, E are the same as shown in figure 2. 


ably the initial amount of chlorophyll present is associated with the prior 
operation of mechanism /, 1.e., a relatively small amount of enzyme 
precursor is already present. 

Evidence for the existence of such a precursor system is afforded by 
the recent work of Smith and Kupke (13). These authors have isolated 
from bean seedlings a protochlorophyll complexed with an enzyme (proto- 
chlorophyll holochrome) which upon illumination is converted into chloro- 
phyll. It is reasonable to assume that this holochrome, having a relatively 
low molecular weight (400,000), is not affected by irradiation, whereas 
the mechanism leading to formation of further holochrome (protein 
synthesis—that is, mechanism a) is radiosensitive (lla). 

Tubers treated with relatively low dosages can, more or less, readily 
recover mechanism a if a time interval is interposed between irradiation and 
illumination. At higher dosages there is no (or only little) recovery of 
mechanism a, and apparently mechanism > undergoes further damage dur- 
ing this storage period. Interpretation is further complicated by the decrease 
in chlorophyll-forming ability observed in the control tubers after the delay 
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period. One is tempted to suggest that irradiation damages the mechanism 
by which chlorophyll is destroyed in the tuber in the dark. (Otherwise, the 
irradiated samples also would have undergone further decrease in ability 
to form chlorophyll). Alternatively, the similarity of chlorophyll production 
with and without a delay between irradiation and illumination may be 
fortuitous, resulting from two opposing processes—recovery from irradia- 
tion injury and loss of chlorophyll-forming ability. 

The inhibition of chlorophyll formation by ATA is in accord with re- 
sults reported by Hall et al. (5) and by Heim et al. (7). The injurious effect 
of ATA is not surprising inasmuch as this chemical produces extensive in- 
jury to cotton plants including: interference with cholorphyll synthesis and 
destruction, defoliation, suppression of secondary growth, and changes in 
the distribution of several plant components, Heim ef al.(7). On the other 
hand, the lack of action of OMT, which was found by Gray and Hendlin 
(3) to be quite toxic to a number of plants needs explanation. Its effect is 
known to be reversed by DL-ieucine. Perhaps the reserves of this amino 
acid may be sufficiently great in the potato tuber to overcome the inhibiting 
effect of OMT under the conditions of our work. 

The reflectance spectrum of the greened surface of potatoes illuminated 
by fluorescent light (Figures 2 and 3) differs considerably from that ob- 
tained from sunlight-illuminated tubers. The latter resembles the known 
spectra of leaves (cf. Rabinowitch (9). Wherever such spectra have been 
analyzed a large fraction of the absorption at the blue end of the spectrum 


has been attributed to carotenoids Dutton and Manning, (1) and Emerson 
and Lewis, (2). It thus appears that under the conditions of our experi- 
ments the sunlight-illuminated tubers developed less carotenoid (in relation 
to chlorophyll) than tubers illuminated with fluorescent light. Furthermore 
carotenoid synthesis appears to be less sensitive to irradiation than chloro- 
phyll synthesis. 


SUMMARY 


Gamma ray dosages of the order of magnitude of 10 kilorads inhibit 
the formation of chlorophyll in illuminated potato tubers. Increasing doses 
to 250 kilorads, while further decreasing chlorophyll formation, did not com- 
pletely suppress it. Tubers treated with the lower doses retained their resi- 
dual ability to develop chlorophyll upon illumination after a period of dark 
storage during which the non-irradiated controls lost a significant fraction 
of theirs. Of the three chemicals applied to the surface of potato tubers 
chloroisopropyl phenyl carbamate, O-methyl threonine, and 3-amino-1, 2, 4- 
triazole, only the last named one inhibited the development of chlorophyll. 
Tubers obtained from plants whose leaves had been sprayed with maleic 
hydrazide developed as much chlorophyll as corresponding controls. Re- 
flectance spectra of the exposed green surface of potato tubers suggest that 
carotenoid synthesis may be less sensitive to gamma irradiation than is the 
concomitant development of chlorophyll. 
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A POSSIBLE RELATION BETWEEN THE 
DEGREE OF AFTER-COOKING DISCOLORATION 
THE OPTICAL DENSITY OF EXTRACTS OF 
ONTARIO POTATOES! 


Mercepves L. HuNSADER? AND FLorA HANNING® 


It has been found in this laboratory (6) that potatoes held in cold 
storage with subsequent warm room storage often increase in amount of 
darkening after cooking. It occurred to us that this storage temperature 
difference might be used as a means of inducing darkening of potatoes 
which could be analyzed chemically for certain components at different 
times and to attempt to characterize those components from absorption 
spectrum curves on extracts prepared from them. Certain spray treatments 
of chelating agents had been studied in this laboratory (7, 8) as possible 
means of modifying the color and the iron or phenolic content and samples 
were available for this study. 

Phenolic compounds occur naturally as a result of the respiration of the 
cell and were suggested early as a possible cause of after-cooking darkening 
in potatoes. They also are known for their ease of forming complexes and 
iron compounds .Mader and Mader (12) reported that tyrosine was reduced 
by 37 per cent in tubers from plants sprayed with Bordeaux mixture. Tot- 
tingham and Clagett (16) and Clagett and Tottingham (4) related the dis- 
coloring compound of potatoes after cooking to a catechol-like substance, 
an o-dihydric-phenol. In a study of the water extract of the blue-black por- 
tion of potato with column chromatography, Nutting (14) obtained a test 
for o-dihydric-phenols. Bowman and Hanning (1) found that the color of 
a solution from the black area of the potato was not reversible when treated 
with benzoic and boric acids. These acids form complexes with phenolic 
compounds. Mulder (13) recently indicated that o-dihydric-phenols were a 
part of the discoloring pigment that develops in potatoes after cooking, but 
did not identify them. Several workers have identified caffeic and chloro- 
genic acids, o-dihydric-phenols, along with tyrosine in potato tissue—John- 
son and Schaal (9), Juul (10), Cheng and Hanning (3) and Kurc, et al. 
(11). Clark, et al. (5) found quinic acid as well as chlorogenic and caffeic 
acids in extracts from potato peel. 


MATERIALS AND METHODS 


From fifteen to thirty-three potatoes of the 1956 check and spray 
treatments receiving calcium, iron, and sodium ethylene diamine tetra acetate 
or EDTA were cooked directly upon removal from cold storage and scored 
for after-cooking discoloration. Some of those potatoes were held at room 
temperature for three weeks following cold storage before they were cooked 
and scored. The procedure for cooking and scoring was reported by Hanning 
and Hunsader (6), 10 representing maximum whiteness. 


1 Accepted for publication November 30, 1957. 
Publication approved by the Director of the Wisconsin Agricultural Experiment 
Station. 
2, 3At present, Associate Professor, Kansas State College, Manhattan, Kansas and Pro- 
fessor of Home Economics (Foods and Nutrition), University of Wisconsin, Madi- 
son, Wis. 
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The extracts for the absorbence and phenol determinations were pre- 
pared from 2 mm longitudinal slices taken from the half of the potato not 
used for subjective scoring. One-third of the slices were extracted with 
alcohol according to the procedure of Johnson and Schaal (9) ; one-third 
of the slices were extracted with distilled water following the same proced- 
ure; and one-third of the slices were frozen. The frozen slices were placed 
in a hydraulic press at 1000 pounds pressure for 1% min. The juice so ob- 
tained was used for alcohol and water dilutions. 

The alcohol and water extracts of the potato tissue for the absorbence 
determinations were filtered and 10 ml of the filtrate was diluted to 100 ml. 
One milliliter of the filtered juice pressed from the frozen raw tissue was 
diluted to 10 ml with alcohol and filtered. One milliliter of the filtered juice 
pressed from potato slices was diluted to 100 ml with distilled water. The 
clear solutions were placed in silica cells and read in a Beckman DU Spec- 
trophotometer at different wave lengths. 

The phenol content was determined, according to the method of Rosen- 
blatt and Peluso (15) with only slight modifications, on the filtered alcohol 
and water extracts of potato tissue and on the filtered alcohol and water 
dilutions of the juice pressed from frozen raw tissue. The amount of solu- 
tion taken was sufficient to contain 0.05 to 0.25 mg of phenols. After the 
color developed, the solutions were placed in silica cells and read at 660 
millimicrons on a Beckman DU Spectrophotometer. The milligrams of 
phenol were determined from a standard curve prepared with tannic acid. 
Triplicate determinations were done on all samples. 

The absorbence was recorded for solutions of tyrosine, caffeic and 
chlorogenic acids and their mixture. Twenty-two or 23 mg of each acid 
were weighed and dissolved in 25 ml of 0.1 N sodium hydroxide. Tenth 
normal sodium acid phosphate was added immediately to bring the pH to 
6.0. The solutions were diluted to 100 ml with distilled water. One milliliter 
of each solution was diluted to 100 ml with either ethanol or water. The 
ethanol extracts were filtered before the absorption readings were made. 
The solution mixture was comprised of 1 ml of each of tyrosine, caffeic and 
chlerogenic acids and diluted and filtered as for the individual acids. 


RESULTS AND DISCUSSION 


In table 1 there are listed the mean color scores for Ontario potatoes 
held at room temperature for various lengths of time following cold storage 
before cooking. The potatoes that were sprayed with salts of ethylene 
diamine tetra acetate or EDTA showed a decrease in color scores or an 
increase in after-cooking discoloration with longer periods of storage at 
room temperature. Not enough tubers of the iron EDTA treatment were 
received by the laboratory to obtain color score data for the zero storage 
period at room temperature. 

In figure 1 are the absorbence curves of the two extractions of potato 
tissue and the two dilutions of juice pressed from potato tissue. The prin- 
cipal peak of the four curves is at 270 millimicrons. Similar figures might be 
included for each spray treatment, for each storage period, and for the 
different methods of extractions since all followed the pattern illustrated. 
Only the ethanol extract of potato tissue had a second peak in the region of 
320 millimicrons. The alcohol and water extracts of tissue contained more of 


i! 

| 

| 

>! 

| 

| 
| 
| 

| 

| 

| 


1958] HUNSADER AND HANNING: AFTER-COOKING DARKENING 545 


TaBLe 1—The effect of time of room temperature storage following cold 
storage on the mean color scores of Ontario potatoes given certain spray 
treatments. 


Room Storage Check Calcium Iron Sodium 
__in Weeks | EDTA* EDTA* _ EDTA? 


5.46 
One-Two . 4.77 5.05 
Three Y 4.46 4.38 


*Salts of ethylene diamine tetra acetate. 


the substances that absorbed at 270 millimicrons than did the press juice 
dilutions, on the basis of original weight of potato tissue. 

In table 2 there are listed the optical density readings at 270 millimic- 
rons for each spray treatment, each extraction of the potato tissue, and each 
dilution of the juice. Comparisons can be made with the mean color scores 
for each storage period on the same lot of potatoes. Generally, the potatoes 
for the storage periods that scored the highest, that is the least amount of 
after-cooking discoloration present, had the lowest absorbence for each 
treatment. The absorbence at 270 millimicrons of the sodium EDTA sample 
for storage periods did not follow this pattern. However, the relationship of 
low absorbence with high mean color scores did follow this pattern for the 
four extracts of the calcium and iron EDTA samples and for three of the 
four extracts of the check sample. The check sample did not show a linear 
decrease in mean color scores with storage at room temperature. It is be- 
lieved that the subjective method was accurate because the scoring was done 
by experienced judges, who used a series of photographs as a guide. In 
previous work in this laboratory, the use of the series of photographs caused 
judges to score potatoes exactly alike in 40% of the cases, Hanning and 
Hunsader (6). 

The curves in figure 2 show that there was no effect of the various 
spray treatments, calcium, iron and sodium EDTA as compared with the 
check, using the ethanol extract of potatoes held one week at room tem- 
perature. This lack of effect of the spray treatments could also have been 
shown with absorption curves of the water extract of the tissue or the 
alcohol and water dilutions of the juice, and for the zero and three week 
storage periods. Neither did the color scores show any marked difference 
between the check and spray treatments. 

In table 3 there are listed the subjective color scores and the milligrams 
of phenol per gram of original tissue as determined by the colorimetric 
method of Rosenblatt and Peluso (15). The colorimetric method indicates 
only a possible trend of increase in phenols with storage periods. 

In a list of 8 series in which a comparison can be made of color scores 
and amount of phenols, six showed a higher color score with a lower con- 
centration of phenols in the juice diluted with water or ethanol. No such 
relationship was evident from tissue extracts. 

This method further emphasizes the ineffectiveness of the chelate spray 
treatments in correcting the after-cooking discoloration in Ontario potatoes. 
With the Rosenblatt and Peluso method for phenols the water extract of 
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2. POTATO TISSUE, 0.033gm. 
PER ML. WATER 

3. POTATO TISSUE, 0.033gm. 
PER ML. ETHANOL 

& PRESS JUICE IN WATER » 
095gm. OF POTATO TISSUE 
PER ML 


ABSORBANCE 


i. 
220 240 260 280 300 


360 


i 
320 
WAVE LENGTH — MILLIMICRONS 
FIGURE 1. ETHANOL AND WATER EXTRACT OF TISSUE AND DILUTIONS 
OF JUICE FROM ONTARIO POTATOES. 


the tissue and the water dilution of the juice contained a larger amount of 
phenols than did the alcohol extract of the tissue or the alcohol dilution of 
the juice pressed from the tissue. 

In figures 3 and 4 are presented the curves of alcohol and water solu- 
tions of the pure solutions of tyrosine, caffeic and chlorogenic acid and the 
mixtures of the three. A comparison of the curves in figures 1, 3, and 4 
suggested that caffeic, chlorogenic acids, and tyrosine might not be the 
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TABLE 2—A. comparison of mean color scores and optical density readings 
at 270 millimicrons from four extracts of Ontario potato tissue. 


Room 
Storage 
in Weeks 


Check 


Mean 
Color 
Scores 


Optical Density Readings at 270 Millimicrons 


Tissue Extract 


One-Two 
Three 


Room 
Storage 
in Weeks 


Zero 
One-T wo 
Three 


Re yom 
Storage 
in Weeks 


Zero 
One-Two 
Three 


4.49 
5.31 
4.48 


Juice Dilution 


Water 


319 530 
351 500 
.298 516 


Ethanol _ | Water 
890 | .196 
798 
885 .206 


Calcium EDT A* 


Mean 
Color 
Scores 


___Optical Density Readings at 270 Millimicrons 


Tissue Extract 


Juice Dilution 


Ethanol | 


Water 


Ethanol | Water 


5.46 
4.77 
4.46 


| 
| 


720 
830 
885 


Mean 
Color 
Scores 


Iron EDTA* 


Optical Density Readings at 270 Millimicrons 


Tissue Extract 


Juice Dilution 


Ethanol | Water 


Ethanol | Water 


330 
311 
323 


549 
527 


830 
940 
1.04 


Sodium EDT A* 


Room 
Storage 
in Weeks 


Zero 


Optical Density Readings at 270 Millimicrons 


Tissue Extract 


Juice Dilution 


Ethanol 


Ethanol Water 


One-Two .... 


316 
336 
318 


.960 197 
839 .189 
1.14 242 


*Salts of ethylene diamine tetra acetate. 


principal absorbing substances in potato extract. The absorbence of tyrosine 
is easily masked by the presence of other absorbing substances and shifts 
with change in solvent from water to alcohol. This did not occur in the 
potato extracts. It is doubtful that the peak at 330 millimicrons is either 
caffeic or chlorogenic acid, because the peak occurred only in the ethanol 
extract of the tissue and not in the water extract or the alcohol and water 
dilutions of the juice. 

However, the peak at 270 millimicrons does appear to be phenolic in 
nature. The relationship of the absorbence of the alcohol and water dilutions 
to the absorbence of the alcohol and water extracts of the potato tissue was 
compared with the ratio of the milligrams of phenols per gram in the 
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220 240 260 280 300 320 360 
WAVE LENGTH — MILLIMICRONS 

FIGURE 2. ETHANOL EXTRACT OF POTATO TISSUE FOR THREE SPRAY 


TREATMENTS AND A CHECK. 


340 


alcohol and water dilutions to that in the alcohol and water extracts of the 
tissue. In order to compare the absorption technique and the colorimetric 
method, the absorption of the juice at 270 millimicrons was calculated on 
an equivalent basis, the original weight of the tissue. The number of times 
greater the tissue absorption was than the juice absorption was multiplied 
by the milligrams per gram of phenols from the juice of the colorimetric 
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TABLE 3—A comparison of mean color scores and the milligrams of phenol 


per gram for four extracts of Ontario potato tissue. 


Check 
Room Mean ___ Milligrams Phenols per Gram Tissue 
Storage Color Tissue Extract Juice Dilution 
i in| W eeks Scores Ethanol Water ___ Ethanol Water 
Zero ... 4.49 .297 327 079 134 
One-Two 5.31 .276 330 024 .040 
Three 4.48 .270 056 | 091 
Calcium EDTA* 
Room ‘Mew | _ Milligrams Phenols per Gram Tissue 
Storage Color Tissue Extract Juice Dilution 
in Weeks Scores | Ethanol Water Ethanol | Water 
Zero ..... 345 061 =| 
One-Two 4.77 .282 363 058 088 
Three 4.46 .282 345 093 141 
Iron EDTA* 
Room eee sf Milligrams Phenols per Gram Tissue 
Storage Color ~ Tissue Extract | “Juice Dilution 
in Weeks Scores Ethanol | Water _Ethanol Water 
Zero . wit 375 040 072 
One-Two 5.05 .282 360 .087 
Three 4.38 306 387 130 
Sodium EDT A* 
Room Mean | ____ Milligrams Phenols per Gram Tissue 
_Storage Color Tissue Extract Juice Dilution 
in Weeks | Scores | Ethanol | Water _ Ethanol | Water 
Zero ...... 5.75 .282 327 084 
One-Two 5.58 .288 351 052 092 
Three 4.69 


.294 345 101 .159 


*Salts of ethylene diamine tetra acetate. 


method. 


This answer approached the number of milligrams phenols per 


gram obtained from the tissue with the Rosenblatt and Peluso method. If all 
the phenol represented in the Rosenblatt and Peluso value does account for 
the absorption at 270, then the following computation can be made. 


Optical density 
of tissue extract 


Optical density 
of juice dilution 


Equivalent of gm/ml 


x Original weight of Mg of phenols 
, juice dilution per gm from Mg of phenols 
Equivalent of gm/ml colorimetric per gm of tissue 

x Original weight of method, juice 


tissue extract 


= 
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TYROSINE 


220 240 260 280 300 320 340 360 

WAVE LENGTH — MILLIMICRONS 

FIGURE 3. ABSORPTION CURVES OF TYROSINE, CHLOROGENIC, AND 
CAFFEIC ACIDS AND THEIR MIXTURE IN WATER SOLUTION. 


.400 


ABSORBANCE 


220 240 260 280 300 320 340 360 
WAVE LENGTH — MILLIMICRONS 
FIGURE 4 ABSORPTION CURVE OF TYROSINE, CHLOROGENIC, AND 
CAFFEIC ACIDS AND THEIR MIXTURE IN ETHANOL SOLUTION. 


The results of the above computation are listed in table 4 in milligrams of 
phenol per gram of original tissue. Since the calculated values are so very 
close to the values found by the Rosenblatt and Peluso method, it is possible 
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to assume that the substance or substances that absorb at 270 millimicrons 
are phenolic in nature. Apparently, the colorimetric method measured the 
phenol or phenols that absorbed at 270 millimicrons and very little phenol 
from any other source. 


TaBLe 4—A comparison of the calculated values with the actual values of 
the milligrams of phenol per gram of original tissue. 


in Weeks Calculated | Colorimetric | Calculated | Colorimetric 


Ethanol Zero 3.26 


One-two 


Three 


Water Zero 
One-two 
Three 


SB 


wm 


row 


Rik 


Ww lv 
Ge 


| 


Solvent Storage |_ Iran A 


Sodium EDT / 
in Weeks — Calculated _| Cc olorimetric | Calculated | Colorimetric 


Ethanol Zero 2.87 
One-two 2.50 
Thice 3.42 


Water Zero 3.59 
One-two 3.08 
Three 3.21 


*Salts of ethylene diamine tetra acetate. 


The problem of discoloration in potatoes after cooking rather definitely 
seems to be a phenolic one on the basis of this study. There was a slight in- 
dication that the phenols varied with the storage of potatoes at room tem- 
petature when measured by the Rosenblatt and Peluso method. These data 
in turn showed a close relationship in measuring the same substance or sub- 
stances as was measured by absorption technique. The apparent relationship 
of low absorbence with a high subjective color score suggests a possible 
method of measuring the causative agent in the discoloration of potatoes 
after cooking. 

The causative phenols were not identified in this study. The absorbence 
data on the potato tissue and on the juice pressed from potato tissue did 
not indicate a high concentration of caffeic, and chlorogenic acids or tyrosine. 
Thus, this report is not in agreement with Juul (10) who identified caffeic 
and chlorogenic acids and related them to discoloration in potatoes after 
cooking. Mulder (13) also identified o-dihydric-phenols with discoloration, 
but did not name any specific ones. Whether the peak at 270 millimicrons is 
caused by some other phenol, or by tyrosine, or by a combination of other 
phenols present which masks the presence of tyrosine must await further 
investigation. The conditions which influence the position of the peak 
within the 270-280 mu range are not clear nor do we suggest an explanation 
as to why Bowman and Hanning (2) found non-darkening and darkening 
Russet Burbanks from different sources to have similar peaks at 280 mu. 
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CoNCLUSIONS 
The degree of after-cooking discoloration in potatoes modified by hold- 
ing them at room temperature for various lengths of time following cold 
storage was measured in mean color scores and suggested relation to the 
degree of absorbence at 270 millimicrons, and to a lesser degree to a 
colorimetric phenol determination. 


The causative phenols were not identified in this study. Caffeic and 
chlorogenic acids probably are not present in large amounts in the absorbing 
substances ; tyrosine may be present, but is masked by a substance that has 
a strong absorption at 270 millimicrons. 
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PROGRAM OF THE 42nd ANNUAL MEETING OF 
THE POTATO ASSOCIATION OF AMERICA 


August 25, 26, 27, 1958 


Indiana University, Bloomington, Indiana 


Monday Morning, August 25, 1958 
Room 134, Education Building, 9:00 a.m. 
N. M. PARKS, President, Presiding 
Business Meeting and Committee Reports 


Monday Afternoon, August 25, 1958 
Room 151, Myers Hall, 1:30 p.m. 
WALTER C. SPARKS, Presiding 


Eradication of bacterial ring rot from seed stocks of a potato breeding program 
by a — regime. (10 minutes). ROBERT O’KEEFE and H. O. WERNER, 
University of Nebraska, Lincoln, Nebr. 


Characteristics of aphid population growth on potatoes in northeastern Maine. 

(21 minutes). W. A. SHANDS and G. W. SIMPSON, U. S. Department of 

Agriculture and Maine Agricultural Experiment Station, Orono, Me. 

Blackspot of ay on Long Island. (15 minutes). R. L. SAWYER and 
L 


GEORGE COLLIN, Cornell University, Riverhead, N. Y. 

On the nature of resistance to the potato leafroll virus. (15 minutes). R. E. 
WEBB and E. S. SCHULTZ, U. S. Department of Agriculture, Beltsville, Md. 
Tuber net necrosis in relation to the time of infection with the poe leafroll 
virus. (10 minutes). R. E. WEBB and E. S. SCHULTZ, U. S. partment of 
Agriculture, Beltsville, Md. 

Effect of high temperatures on internal blackening of potato tubers treated with 
sprout inhibitors and gamma rays. (7 minutes). WALTER C. SPARKS, Uni- 
versity of Idaho, Aberdeen, Idaho. 

Relationship between race and sexual compatibility groups in Phytophthora 
infestans. (5 minutes). JOHN S. NIEDERHAUSER, KEITH GRAHAM, and 
SEBASTIAN ROMERO, Rockefelle Froundation, Canadian Department of Agri- 
culture, and Oficina de Estudios Especiales, Mexico, D.F. 

Extent of root growth of — plants. (8 minutes). H. O. WERNER, University 
of Nebraska, Lincoln, Ne 

Daylength effects on potato tuberization. (15 minutes), H. W. CHAPMAN, 
Colorado State University, Fort Collins, Colo. 

A precise photo electric planimeter. (8 minutes). R. B. O'KEEFE and THEO- 
DORE JORGENSEN, University of Nebraska, Lincoln, Nebr. 


Tuesday Morning, August 26, 1958 
Room 151, Myers Hall, 9:00 a.m. 
HUGH J. MURPHY, Presiding 


Effect of seed-cutting dates on yields of potato varieties. (15 minutes). R. V. 
AKELEY, U. S. Department of Agriculture, Beltsville, Md. 

Effect of nitrogen and fertilization on yield and quality of potatoes in 
Maine. (15 minutes). HUGH J. MURPHY and MICHAEL GOVEN, University 
of Maine, Orono, Me. 

Certain relationships between fertilizer treatment and the N, P, K and total 
solids of gpg (20 minutes). L. M. WARE, Alabama Polytechnic Institute, 
Auburn, 

Comparative status of new red potato varieties in long-time trials in Nebraska. 
(12 minutes). H. O. WERNER and R. B. O'KEEFE, University of Nebraska, 
Lincoln, Nebr. 
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Potato production in dryland rotations in western Nebraska throughout a 
twenty-five-year period. (10 minutes). R. B. O'KEEFE, University of Nebraska, 
Lincoln, Nebr. 

Procedure for comparing the field performance of potato varieties, including 
financial returns. (15 minutes). G. V. C. HOUGHLAND and R. V. AKELEY, 
U. S. Department of Agriculture, Beltsville, Md. 

Interrelationship of variety, culture, place and storage to chip quality. (12 
minutes). H. O. WERNER, University of Nebraska, Lincoln, Nebr. 

Effects of temperature and gas storage on southern-grown potatoes for chips. 
(12 minutes). ORA SMITH, Cornell University, Ithaca, N. Y. 

Influence of insecticide, chelating and sequestering spray applications to potatoes 
on chip color. (12 minutes). ORA SMITH, Cornell University, Ithaca, N. Y. 
Effects of post-harvest chemical treatment of atoes on the browning reaction 
of chips. (15 minutes). ORA SMITH, Cornell University, Ithaca, N. Y. 
Potato Chip research (Red Dot Foods, Inc.). (15 minutes). F. J. STEVENSON 
and C. E. CUNNINGHAM, Red Dot Foods, Inc., Madison, Wis. 


Tuesday Afternoon, August 26, 1958 
Room 151, Myers Hall, 1:30 p.m. 


S. J. PELOQUIN, Presiding 


Preliminary report on physiological and genetic studies of heat resistance in 
Solanum tuberosum. (10 minutes). R. B. O’KEEFE and H. O. WERNER, Uni- 
versity of Nebraska, Lincoln, Nebr. 

A comparison of microsporogenesis in fertile and sterile potato varieties. (15 
minutes). ALLEN E. SCHARK, U. S. Department of Agriculture, Presque Isle, Mc. 
Genetic variation among haploids of the common potato. (15 minutes). R. W. 
HOUGAS and S. J. PELOQUIN, U. S. Department of Agriculture, Madison, Wis. 
Cytological studies of diploid Solanums, section Tuberarium. (15 minutes). 
M. L. MAGOON, R. W. HOUGAS and D. C. COOPER, University of Wisconsin 
and U. S. Department of Agriculture, Madison, Wis. 

The use of decapitation in inte ific hybridization in Solanum. (15 minutes). 
S. J. PELOQUIN and R. W. HOUGAS, U. S. Department of Agriculture, 
Madison, Wis. 

The effects of various chemicals on the cut surfaces of seed potatoes. (10 minutes). 
CLARK H. LIVINGSTON, Colorado State University, Fort Collins, Colo. 

The effect of gibberellins on production of the Russet Burbank potato. (5 
minutes). WALTER F. WILKENS, University of Idaho, Moscow, Idaho. 
Some effects of CIPC (isopropyl N-(3-chlorophenyl) carbamate on respiration, 
water-uptake and ion-leakage of Fs tissue. (10 minutes). C. C. CRAFT 
and WILLIAM V. AUDIA, U. S. Department of Agriculture, Beltsville, Md. 
Studies on in-vitro culture of potato eye tissues. (10 minutes). NAGAHOSHI 
OSHIMA and CLARK H. LIVINGSTON, Colorado State University, Fort Collins, 
Colo 

Procedure for increasing the browning tendency of potatoes intended for 
processing. (15 minutes). W. O. HARRINGTON, C. E. HENDEL, W. R. MUL- 
LIN, and R. L. OLSON, Western Regional Research Laboratory, Albany, Calif. 
Water-furrow irrigation of potatoes. (12 minutes). D. L. MYHRE, University of 
Florida, Gainesville, Fla. 
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Tuesday Evening, August 26, 1958 
Lodge, McCormick’s State Park, 7:00 p.m. 
RECOGNITION BANQUET 
Presentation of 1958 Honorary Life Memberships 


Wednesday Morning, August 27, 1958 
Room 151, Myers Hall, 9:00 a.m. 
N. M. PARKS, President, Presiding 
Business Meeting 


556 
5. 

6. 
7. 
8. 
9. 

10. 

11. 

9 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

ll. 


REGISTRATION AND HOUSING APPLICATION 


THE 42ND ANNUAL MEETING 
THE POTATO ASSOCIATION OF AMERICA 
in conjunction with A.I.B.S. 
INDIANA UNIVERSITY, BLOOMINGTON 
August 25 - 27, 1958 
——AInformation on Housing and Meals 


RESIDENCE HALLS ACCOMMODATIONS will be available for single persons, couples, and 
families. Those staying three or four nights will be assigned on the American Plan. Those staying 
not more than two nights will be assigned on the European Plan, which will also be available 
for persons participating in the pre- and st-meeting activities. 

THE AMERICAN PLAN is a “package” plan of room and meals in an assigned dormitory. 
Rates are 6.00 per day, $18.00 minimum, for adults; $4.75 per day, $14.25 minimum, for children 
7 through 17; $2.85 per day, $8.55 minimum, for children under 7. The American Plan covers 
the period from dinner on August 24 through luncheon on August 28. Rooms must be vacated 
by afternoon of August 28. Foteens on this plan may occupy their rooms on the night of 
August 23 at the American Plan rate of $2.25. Persons staying for the night of August 28 
or 29 will be moved to the European Plan housing center for these nights. 

THE EUROPEAN PLAN is for rooms without meals and will be available for pre- and t- 
meeting activities and for a maximum of two nights during the regular meetings. Rates are £50 
per person per night in a room with twin beds, $3.00 for a single room. Meals will be available 
in the Memorial Union as well as in local restaurants and hotels. Facilities are available for 
the storage of luggage without cost during the pre- 2nd post-meeting periods. 

OTHER HOUSING ACCOMMODATIONS will be 2vailable on the campus in the Campus Club 
(part of the Memorial Union), local hotels and motels, as well as other motels and the hotel 
and cabins in two state parks within a radius of twenty miles. Rates in the Campus Club are 
$4.50 for a single room, $5.50 with double bed, $7.50 with twin beds. All rooms are equip 
with lavatories and are air-conditioned. Rates in the local hotels and motels compare favorably 
with those of similar quality in the Middle West generally. Campsites are available in the two 
state parks which are within twenty miles of the Tniveraty. 

RESERVATIONS for all housing, except campsites in state parks, should be returned as soon 
as possible on the attached form. Do not send money with the pre-registration. Those wishing to 
share a room with a particular person or to be assigned with a particular group should so 
indicate on the reservation form. 

BANQUETS. The full price of banquets served on the campus will not exceed $3.00. Persons on 
the American Plan will be given a credit of 50 cents for breakfast or luncheon and 75 cents 
for on-campus ba quets at the time the banquet tickets are purchased. 

ACKNOWLEDGMENT of each advance registration received before A t 9 will be made on 
a form which should be presented on arrival when registration is completed. 


PRE-REGISTRATION IS ESSENTIAL TO PROPER ASSIGNMENT OF FACILITIES 


REGISTRATION AND HOUSING APPLICATION 


Name Male C) Female 
( First) (Middle) (Surname) Graduate Student 
Lxpected time of arrival at 
Home Indiana University : 
(Street) (City) (State) 


‘ull names, sex, relationship of members, ages of children in party : 
Fu po (Date and Hour) 


By train at Bloomington 
By plane at Bloomington 
By plane at Indianapolis 
(Limousine service avail- 
able to Bloomington) 
By bus at Bloomington 
By 

) 


Professional Address 


car 
eparture from Bloomington : 


Title 
(Date & Hour) 

Institution [) Please make reservations 

for me in a University 
Society Membership : : Resident Hall 
(1) prefer housing in a 

Hotel Campus Club 
(2) Motel 

I will not require housing 


(3) Remarks : 


I plan to attend the following ‘society banquets _ = 


I plan to take the following field trips 
(Applies to Graduate Students only) 
Signature of major professor 
Please print or type the above information and mail 
EDUCATIONAL CONFERENCE BUREAU 
Indiana Memorial Union 
Bloomington, Indiana 
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AMERICAN POTATO JOURNAL 


BOOK REVIEW 


Atomic ENnercy in Acricutture, by William E. Dick, B.Sc., F.L.S., 
Philosophical Library Inc., 15 East 40th Street, New York 16, N. Y. 
1957. $6.00. 

This book is very easy reading and briefly summarizes the various 
phases of irradiation in agriculture up to 1955. References are made to the 
work by important key groups using atomic irradiation in their research 
programs. Individual chapters deal with the principle application of 
irradiation in research such as obtaining new breeding material, tracing 
the stages of photosynthesis and nutrient uptake and movement, and food 
preservation. 

Irradiation, while being a very strong sprout inhibitor of potatoes, 
has a detrimental effect on some of the darkening reactions. The normal 
enzyme system is upset and the tuber is left more susceptible to bruising, 
according to the explanation given in this book. 

This book is written primarily to give a background to the many 
agricultural research programs involving irradiation which are in progress 
all over the world at the present time. It gives this background in an 
interesting manner. All folk interested in agriculture should find the 146 
pages of this book very fascinating as it points out the possible future 
impact of atomic energy in agriculture. 


RicHarp L. Sawyer, Associate Professor, Department of Vegetable 


Crops, Cornell University 
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DITHANE 


the fungrade 
potato growers 
trust for earl y 
and late blight 


control 


Chemicals for Agriculture 
EX | ROHM & HAAS 
COMPANY 
————— WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
Representatives in principal foreign countries 


HANE 15 a trade-mark, Reg. U.S. Pat. Off. and in principal foreign countries. 


University Microf! leg 
$13 North lst st 


Ann Arbor Wich 


GUARD AGAINST POOR QUALITY KILLING YOUR 
Potato Market? 


COPPER Improves QUALITY 
QUALITY Increases PROFIT 


Practical experience through years of usage of 
TRI-BASIC COPPER and comparison with the 
newer organic fungicides has proven TRI- 
BASIC to be outstanding in UPGRADING 
POTATO PRODUCTION by providing 


%& LESS TUBER ROT. 

%& FEWER PICK OUTS. 

%& BETTER SHIPPING QUALITY. 

% HIGHER SOLIDS CONTENT. 

%& FEWER WATERY POTATOES. 

% BETTER CHIPPING STOCK. 

% INCREASED STORAGE 
ABILITY. 


THAT ISN’T ALL — LOOK at these other 

ADVANTAGES in using a COPPER FUNGICIDE. 

No residue tolerance restrictions. 

Longer application interval — provides added days 

chemicals, labor, 
soil compaction and 

@s spray or dust. 

Provides nutritional element COPPER —essential to 

plant growth and production. 


MR. GROWER — insist On Tri-Basic Copper — IT IS PLENTIFUL AND 
ECONOMICAL. Don’t be misled —Don’t take chances. INSURE SUCCESS THROUGH 
THE USE OF TENNESSEE’S TRI-BASIC COPPER SULFATE. 


617-29 Grant Building, Atlanta, Georgia 
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